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Marinc Permian sequences of the onshore Perth, Camarvon, Canning and Bonaparte Basins
have traditionally been comelated with Uralian, Tethyan and other scquences by means of
invericbrate faunas, Marine benthonic invertebrate assemblages arc ideal for using as precise
zone indicators. Brachiopods in particular cvolved rapidly, were characteriscd by shon-lived
species and yer were abundanr in thc Western Australian marinc Pcrmian. An integrated
sequence of the eighteen brachiopod zones ranging in age from the Early Permmian (Assclian)
10 high in the late Permian (Djhulfian) occurs in Western Australia. The most complete sequence
of zoncs, in superpositional relationships, is to be found in thc Camnarvon Basin against which
the recogniscd zones for the Perth, Canning and Bonapartc Basins can be matched. The zoncs
in the Perth and Camarvon Basins have been intcgrated with palynological data and hence
providc a valuablc combined tcchnique for inirabasinal and global correlations. Such combincd
techniques for corrclation are all the more iimportant for the Penmian Period given the pronounced
provincialism of most faunas and floras. The new brachiopod zone, the Mingenewia anomala
Zone, characterised by the assemblage of the Mingenew Formation, Perth Basin, is proposed
hercin. The zonc adds to thc understanding of the faunal sequence of the Permian of the
Pcrth Basin.

Improved time control results in refincd models for interpreting patterns of Permian oceanic
surface currents and their rclationships to the faunas of the Permian basins of Westem Australia.
Surface current patterns appear unlikcly to be able 10 explain the migration pantcrns of cooler
water faunas across the equatorial regions of thc Permian globe. Howcver, deeper water
currents (200-500 m) crossing the Equator, through the Tethyan scas, may have provided a
mechanisin for shon-lived larval stages to have undertaken trans-equatorial migration and

henee, in turn, explain the bipolarity of Permian invertebrate gencra.

RECENTLY the Permian Subcommission of the
International Commission on Stratigraphy (Inter-
national Union of Geological Science) has approved
names and boundary levels for serics and stages
of the Permian System based on marine successions
(Jin et al. 1997). These successions are located re-
spectively in the Urals (Lower Permian, Cisuralian
Series, including the Asselian, Sakmarian,
Artinskian and Kungurian Stages), southwest USA
(Middle Permian, Guadatupian Series, including
Roadian, Wordian and Capitanian Stages) and South
China (Upper Permian, Lopingian Scries, including
the Wuchiapingian and Changhsingian Stages). It
is of note that in this new scheme, the ‘Middle’
and ‘Upper’ Permian combined constitute a shorter
period of absolute time than the Lower Permian
which, in tumn, tends to argue for a two-fold
division of the Permian System (the classic view)
rather than a three-fold division where the Middle
Pcrmian is merely the lower Upper in real terms
(Archbold & Dickins 1997). The new proposals
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of the Pcrmian Subecommission, particularly the
precisc application of the Roadian to Capitanian
time slice (lower Upper Permian as used herein)
still present major problems for Gondwanan and
Boreal correlations and considerable work is re-
quired to resolve these (sec discussions by Archbold
& Dickins 1997 and Waterhouse 1997). For the
present review a scheme of subdivisions for the
Permian utilising the classical Uralian stages, with
supplementary Tethyan and south Chinese stages
for the Late Permian is applied in thc correlation
tables.

The new Permian Subcommission standard
global scheme does not make correlations casier
for the vast bulk of Gondwana nor much of the
Arctic Permian in Siberia and Canada (Waterhouse
1997). In the new scheme, primacy is given to
marine groups such as fusulinid foraminiferids,
conodonts and ammonoids. These groups arc absent
in most Gondwanan sequences. In terms  of
Gondwanan sequences only Western Australian
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Permian sequences include a significant scattering
of ammonoids (although usually only known from
single point localities and often very few speci-
mens) and a few, mostly endemic conodonts. These
two groups provide point linkages to the inter-
national scheme adopted herein (as developed from
such studies as Archbold & Dickins 1991, 1996,
Archbold 1993a). However, they are inadequate
for the purposes of detailed biostratigraphy, which
requires a succession of changing benthonic zones,
in sequence, with substantial assemblages of species
for interbasinal correlations. It is of considerable
interest that of all the ‘selected fossil zones™ for
the integrated chronostratigraphic scheme for the
Permian System regarded by Jin et al. (1997: 11)
only one zonc (the Mesogondolella idahoensis
Zone) may be present in Western Australia (Nicoll
& Metcalfe 1977), but even that zonc has not been
precisely matched against the Western Australian
detailed, in sequence, zones based on brachiopod
faunas (Archbold 1993a).

World Permian marine faunas demonstrate pro-
nounced provincialism (e.g. sce Archbold & Shi
1996). Within a province, precise interbasinal cor-
relations are possible at the species and zonal level.
Between provinces species may be distinct, as for
brachiopods between the Westralian and Austrazean
Permian Provinces of Australia (Archbold 1996a).
Hencc a number of marine groups of organisms
may -be required for precise interprovincial
correlations. Some provinces by their nature may
be transitional or intermediate in character and
hence provide faunal assemblages that enable
correlation between widely separated provinces.
Such is the case of the Cimmerian (or peri-
Gondwanan) provincial regions which permit cor-
relation of the Westralian faunas with those of the
Tethyan and Uralian Provinces. Tropical southwest
USA Permian faunas, in the sense of provincialism,
are analogous to the coldest water Permian faunas
of Tasmania and hence represent an extreme
variant of Permian faunas for correlation purposes
(Archbold & Diekins 1997). As indicated by
Ganelin ct al. (1997: 33) these southwestern North
American faunas aie biogeographically isolated and
still rcquire further characterisation. The likelihood
of precise matching of such zoned tropical faunas
and their boundaries with those of Gondwanan
faunas appears remote and hence severely limits
the global value of this portion of the proposed
‘global’ scale.

THE MARINE PERMIAN OF
WESTERN AUSTRALIA

Introduction

Since the initial proposal of the Permian System
by Roderick Impey Murchison (1841a, 1841b,
1841c¢) and the full documentation of the system
by Murchison and his colleagues (i1845), the
scope and subdivision of the Permian Period has
changed dramatically. The Permian System, as
originally envisaged, included the Kungurian,
Ufimian, Kazanian and Tatarian stages as now used
in modern Russian terminology (sece Chuvashov
1993; Anfimov et al. 1993 for recent accounts in
English). The Permian was extended downwards
by such authors as Karpinsky (1874), Fredericks
(1918) and Ruzhentsev (1954) to include the
divisions defined as the Antinskian, Sakmarian and
Assclian. The marine Permian sequences of the
onshore Western Australian, Perth, Carnarvon,
Canning and Bonaparte Basins (Figs 1, 2) and the
basins of castern Australia have traditionally becn
correlated with these Uralian stages and, more
recently, with Tethyan stages for the Late Permian,
by mcans of marinc macro-invertebrate faunas.

Western Australian marine Permian faunas

Permian marine faunas of Western Australia are
well summarised and illustrated in the edited
volume by Skwarko (1993) which also provides
extensive bibliographies on the carlier work on the
marine faunas, palynofloras and stratigraphy of the
Western Australian Basins. Ongoing work has con-
tinued on foraminiferids (Palmieri 1994), bivalve
and gastropod molluscs (Archbold et al. 1996),
brachiopods (Archbold 1993a, 1993b, 1995a,
1995b, 1996a, 1996b, 1998; Archbold & Shi 1993;
Archbold & Thomas 1993), echinoderms (Webster
1990; Webster & Jell 1992), conodonts (Nicoll &
Metcalfe 1997) and palynofloras (Backhouse 1991,
1993; Mory & Backhouse 1997). The first detailed
attcmpt at a biostratigraphical zonation of the
Western Australian Permian was that by Dickins
(1963) who recognised six faunal stages (informally
named Oppel-zones) based primarily on the strati-
graphical distribution of bivalve and gastropod
taxa in the Perth, Camarvon and Canning Basins.

Fig. 1.

Onshore Permian marine basins of Western Australia.
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Subsequently, Archbold (1988a,
1995a, 1998) has developed a seheme of eighteen

brachiopod Oppel or
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each

named on the basis of a partieularly charaeteristic
species, for the Western Australian marine Permian
(Fig. 3). This series of zones is best developed in
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Fig. 2. Summary stratigraphy of the onshore Permian marine basins and thc proposed intcrnational corrclations.

Fig. 3. Summary marine comelation scheme showing brachiopod zones, faunal stages (from Dickins 1963) and

intemational correlations.
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the sequences of the Carnarvon Basin although
important additional zones are present in the Perth
and Canning Basin sequences. Brachiopods are
highly useful as zonal indicators; they evolved
rapidly, species were invariably short-lived and
they were abundant, usually dominating benthonic
assemblages. Species often occur in several of the
Western Australian basins and hence are valuable
for interbasinal correlations. Onshore or offshore
drill core can also yield abundant specimens which
in turn can be valuable for age control (Archbold
1988b, 1995a, 1995b). Molluscan data, consisting
of ammonoid, gastropod and bivalve species,
provides significant support for the brachiopod
scheme. The Westcrn Australian marinc zonation
scheme is comparable to that developed for the
Russian Kolyma-Omolon biogeographical Province
of the Boreal Realm (Kashik ct al. 1990) in terms
of the use of ammonoids, bivalves and gastropods.

At least two other palacontological approaches
are also highly significant for interbasinal cor-
relations. Palynological zonation schemes have long
held primacy in their application to subsurface
correlations in Western Australia (see Mory &
Backhouse 1997 for a bricf review of the develop-
ment of the palynological zonation schemes). How-
ever, international palynological correlations are not
widely established for the bulk of the Permian of
Australia, although considerable potential exists for
latest Permian corrclations (Foster & Jones 1994).
Ages assigned largely rely on marinc macrofossil
data.

Detailed foraminiferal zonation schemes also
offer considerable potential for correlation purposes
and recent work has indicated not only their value
for zonation purposes (Palmieri 1990, 1994; Draper
et al, 1990) but also their potential for international
corrclation (Palmieri et al. 1994). Nevertheless,
despite records of key species from Westemn
Australian lithostratigraphic units (Palmieri 1994
Palmicri et al. 1994) such records must, in tumn,
be related to the palynological data and marine
macrofossil data (as in Palmieri et al. 1994 for
the Bowen Basin, Queensland). However the data
provided by Palmieri at al. (1994) proposing a
Kazanian age for part of the subsurface Lightjack
Formation (Canning Basin) are less well supported
because outcrop Lightjack Formation has yielded
the diagnostic ammonoid Daubicliites (see Glenister
ct al. 1993) and brachiopods that indicate a signi-
ficant tummover of species and even genera and
hence maybe taken to indicate an Ufimian age.

Each onshore west Australian basin with marine
Permian sequences is reviewed below in terms
of the brachiopod zonation sclieme and key
species of other marine groups for international

correlations. The sequence of brachiopod zones is
provided in Fig. 3 and the lithostratigraphical units
in which the zones are to be found are indicated
below.

PERTH BASIN

The Perth Basin Permian outcrops of the lrwin
River area have yielded important data for the
Early Permian (Sakmarian-Artinskian) zonation
scheme and correlations. Key ammonoid species
indicate that a Sakmarian scquence is well
represented in the Holmwood Shale and the Fossil
Cliff Formation (Leonova 1997). Brachiopod data
indicate a Late Sakmarian (Sterlitamakian) age
for the Strophalosia irwinensis Zone, the oldest
brachiopod zonc yet recognised in thc Perth Basin
sequences. Correlation of this zone with the
Carnarvon Basin (lower Callytharra formation sensu
Mory & Backhouse 1997) and the Canning Basin
(Cuncudgeric Sandstone, southern Canning Basin
and the Nura Nura Member of the Poole Sandstone,
Fitzroy Trough) is firmly indicated by shared
brachiopod species. Both of these basins have
yielded Sterlitamakian ammonoids.

From the Strophalosia irwinensis Zone of the
Fossil Cliff Formation (at times considcred to be
the uppermost member of the Holmwood Shale)
the following brachiopods have been described:
Strophalosia  irwinensis  Coleman, Neochonetes
(Sommeriella)  prauii  (Davidson), Etherilosia
etheridgei (Prendergast), Aulosteges baracoodensis
Etheridge, Auwlosteges spinosus Hosking, Taeniot-
haerus irwinensis Coleman, Callytharrella cally-
tharrensis (Prendergast), Costatwnudus irwinensis
(Archbold), Stenoscisma sp., Globiella foordi
(Etheridge). Neospirifer hardmani (Foord), Trigon-
otreta neoaustralis Archbold & Thomas, Elivina
hoskingae Archbold & Thomas, ?Cyriella sp.,
Spirelytha fredericksi Archbold & Thomas, Phri-
codotliyris  occidentalis  Archbold & Thomas,
Tomiopsis  woodwardi  Archbold & Thomas,
Cleiotliyridina  baracoodensis ~ Etheridge  and
Fletcherithyris sp. cf. F hardmani Campbell.

The Neochonetes (Sommeriella) magnus Zone
from the basal High Cliff Sandstonc of Woolaga
Creek, although clearly younger than the Fossil
Cliff Formation on the basis of superpositional
relationships, is less well constrained for the
purposcs of international correlation purpose. Data
has becn presented elsewhere (Archbold 1998)
indicating that on evolutionary grounds, the
fauna is younger than that of thc Jimba Jimba
Calcarenite {(Carnarvon Basin, upper Callytharra
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Formation sensu Mory & Backhousc 1997) but
older than the fauna of the Coyrie-Madeline
Formations of the basal Byro Group of the
Camarvon Basin. Brachiopods from the N. (S.)
magnus Zonc that have been described include:
Streptorhynchus sp., Neoclonetes (Sommeriella)
magnus Archbold, Chonetinella sp., strophalosiid
sp., Aulosteges ingens Hosking, Taeniothaerus
quadratiformis Archbold, Costatumulus occidentalis
Archbold, Neospirifer (Quadrospira) woolagensis
Archbold, Occidalia shali Archbold, Woolagia
playfordi Archbold, ?Cyrtella sp., Tomiopsis rarus
Archbold & Thomas, Cleiothyridina perthensis
Archbold, Composita sp., Gilledia woolagensis
Campbell and Hoskingia skwarkoi Archbold.
Isolatcd by faulting, the brachiopod fauna of the
Mingenew Formation is formally named herein
the Mingenewia anomala Zone. Approximately
correlatable with the Coyric-Madeline Formations
(Carnarvon Basin), as proposced by Dickins (1965),
it is not clear preciscly which zone of thc lower
Byro Group of the Carnarvon Basin offers the
best correlation (Archbold 1996b). It is possible
that more than onc zonc may bc present but
endemicity of species hampers a precise correlation.
In view of the presence of the strophalosiid genus
Echinalosia in the Mingenew assemblage, it is
assumed that the Mingenewia anomala Zone
probably correlates with the Echinalosia prideri
Zone of the Camarvon Basin as shown in Fig. 3.

Brachiopod species described from the Mingenew’

Formation include: Streptorliynchus sp., Tornquistia
cf. magna Archbold, Neochonetes (Sommeriella)
robustus Archbold, Stroplialosia enantiensis Arch-
bold, Echinalosia simpsoni Archbold, Mingenewia
anomala Archbold, Taeniothaerus roberti Archbold,
Coolkilella maitlandi Archbold, Cundaria aquila-
formnis  Archbold, Syrella occidenta  Archbold,
Fusispirifer byroensis Glauert, Fusispirifer sp.,
Neospirifer sp., Occidalia mingenewensis (Arch-
bold), Cleiothyridina sp., Hoskingia nobilis
(Etheridge) and Gilledia cf. woolagensis Campbell.

A brachiopod fauna discovcred west of the
Irwin Sub-Basin was assigned to the Swuiciplica
occidentalis Zone. It was rctrieved from cores
from Beharra Springs 2 and is also present in
Woodada 3 and Beckeeper 1 (Archbold 1995a).
Assigned a general Ufimian agc in 1995, the
present author now assigns the zone to the Latest
Ufimian (and extending into the Early Kazanian)
on the basis of superpositional palynological data
(Mory & Backhouse 1997) and the assigmment
of older faunas and palynological floras from
the Coolkilya Sandstone (Camarvon Basin) to
the Ufimian on the basis of ammonoid data. The
fauna described from the Beekeeper Member of

the Wagina Formation includes: Etherilosia sp.,
Spiriferella sp., Neospirifer spp., Fusispirifer cf.
avicula (Morris), Sulciplica occidentalis Archbold,
Cleiothyridina sp. and Spirigerella sp.

CARNARVON BASIN

The onshore marine Permian succession of the
Carnarvon Basin contains the most detailed repre-
scntation of brachiopod zones, numerous key inter-
national correlation points bascd on ammonoids,
a few ncw discoveries of conodonts (Nicoll &
Metcalfe 1997) and a well controlled sequence of
palynological zoncs (Mory & Backhousc 1997).
In terms of available biostratigraphical data, the
Carnarvon Basin possesses the most detailed
biostratigraphical scquence for the Early and carly
Late Permian of Western Australia.

The development of the biostratigraphy of the
onshore Carnarvon Basin has been summarised in
recent studies (Archbold 1993a; Mory & Backhouse
1997). A few pertinent comments are offered here.
The ages of the two oldest brachiopod zones (the
Lyonia lyoni and Trigonotreta occidentalis Zones)
are constrained by superpositional positions below
Sterlitamakian ammonoid occurrences from the
Callytharra Formation (Archbold 1995b). Lower
horizons of the Lyons Group yield the charactcristic
specics of the Lyonia lyoni Zone: Lyonia lyoni
(Prendergast), Rhynchopora australasica Archbold,
Kiangsiella sp., Grumantia cf. costellata Clarke,
Cyrtella australis Thomas, Tomiopsis notoplicatus
Archbold & Thomas and Trigonotreta lyonsensis
Archbold & ‘Thomas. Key species of the
Trigonotreta occidentalis Zone have been dcs-
cribed from upper horizons of the Lyons Group
as follows: Trigonotreta occidentalis Thomas,
Grumantia cf. costellata Clarke, Lyonia lyoni
(Prendergast), Cyrtella australis Thomas, Permor-
thotetes crespinae  Thomas, Linoproductus sp.,
Taeniothaerus sp., ?Callytharrella sp., Spiriferella
sp. and Tomiopsis notoplicatus Archbold & Thomas.
This zone is also known from the Carrandibby
Formation with the key species Neochonetes
(Sommeriella) obrieni Archbold and Tormniopsis
notoplicatus Archbold & Thomas.

The Strophalosia jimbaensis Zone from the Jimba
Jimba Calcarenite (now considered to be the upper
part of a redefined Callytharra Formation; sce Mory
& Backhouse 1997) shares a new species of the
conodont Vjalovognathus with the Sterlitamakian
Strophalosia irwinensis Zone below and many (but
not all) of the brachiopod species are shared. The
two zones are considered to be close in age but,
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on the basis of stratigraphical superposition the
S. jimbaensis Zone is considered to be Early
Artinskian in age.

Brachiopods from S. inwinensis Zone of the
lower part of the Callytharra Formation (as defined
by Mory & Backhouse 1997) include those for
the Perth Basin Fossil Cliff Formation (excluding
Taeniothaerus irwinensis Coleman) and Permor-
thotetes callytharrensis Thomas, Permorthotetes
camerata Thomas, Arctitreta plicatilis (Hosking),
Tornquistia  occidentalis  Archbold, Stictozoster
senticosa (Hosking), Comuquia australis Archbold,
Lethamia obscurus Archbold, Dyschirestia micra-
cantha (Hosking), Camerisma  callytharrensis
(Hosking),  Myodeltityrium  dickinsi  (Thomas),
Latispirifer callytharrensis Archbold & Thomas,
Neaspirifer foordi Archbold & Thomas, Neospirifer
sp., {mperiospira dickinsi Archbold & Thomas
Fusispirifer carnarvonensis Archbold & Thomas,
Tomiopsis sp., MFredericksia sp. nov., Gjelispinifera
decipiens (Hosking). Lamnaespina papilionata
(Hosking), Callispirina sp. nov. and Hustedia
sp. nov.

The Strophalosia  jimbaensis Zone includes
the following species:  Streptorhynchus — sp.,
Permorthotetes cf. lindneri Thomas, Neochonetes
(Somuneriella) cockbaini Archbold, Neochonetcs
(Sommeriella) lockingi  Archbold, Strophalosia
Jimbaensis Archbold, "Reedoconcha sp., Aulosteges
sp., Callytharrella callytharrensis (Prendergast),
Costatumnulus cf. irwinensis (Archbold), Globiella
flexuosa (Waterhouse), ?Cyrtella sp., Neospirifer
hardmani (Foord), Neospirifer cf. foordi Archbold
& Thomas, Fusispirifer sp., Crassispirifer condoni
Archbold & Shi, Trigonotreta neocaustralis Arch-
bold & Thomas, Tomiopsis cf. rarus Archbold &
Thomas, Spirelytha sp., Cleiothyridina ovalis Shi,
Cleiothyridina cf. baracoodensis (Etheridge) and
Hoskingia sp.

The Neochonetes (Sommeriella) magnus Zone
of the Perth Basin is apparently absent in the
Carnarvon Basin but is considcred to be correlatable
with, at least, the upper part of the Wooramel
Group. Fossiliferous localities attributed to the
Wooramel Group (some of which may be upper
Callytharra Formation sensu Mory & Backhouse
1997) all appear to belong to the Strophalosia
Jimbaensis Zone (see Archbold 1991).

The Byro Group includes some eight brachiopod
zones indicating rapid evolution of the phylum.
The lowest zones (the Echinalosia prideri, Wynd-
hamia colemant and Fusispirifer byroensis Zones)
are considcred here to be late Artinskian in age.
This equates with part of the older usage of
Baigendzhinian. The Permian Subcommission pro-
posals (Jin et al. 1997) now place the Artinskian—

Kungurian boundary at the base of the Saraninsk
Horizon in the Urals sequences which reduces the
scope of the classic Artinskian. This is in order to
accommodate the conodont Neostreptognathodus
pnevi into the Kungurian below the Filippovian
Horizon, the base of which was the more traditional
Artinskian—-Kungurian boundary. Hence several
of the western Australian brachiopod zoncs (the
Tornquistia magna Zone up to the Fusispirifer
wandagensis Zone), prcviously indicated to be
of Late Artinskian age, are now placed in the
Kungurian (cf. Archbold & Dickins 1996; Fig. 3).
The discovery of the conodont Vjalovognathus
shindyensis Kozur in the Coyrie Formation has
been interpreted by Nicoll & Metcalfe (1997) to
indicate a Kungurian age for the base of the
Byro Group. However the range of this conodont
species is poorly known in Western Australia and
Timor and it appears that other endemic species
of Vjalovognathus in the Camarvon Basin succes-
sion range through two or up to four brachiopod
zones based on the stratigraphical ranges provided
by Nicoll & Metcalfe (1997). As a result, the
present author considcrs that the occurrence of
V. shindyensis may also indicatc a broader time
range of a Late Artinskian and carly Kungurian
age.

In ascending order the brachiopod zones of the
Byro Group include the species listed below for
the respective lithostratigraphical units.

The Echinalosia prideri Zone from the lower
part of the Madeline Formation includes: Permor-
thotetes sp., Streptorhynchus sp., Kiangsicla con-
doni Thomas, Gatia superba Archbold, Neochonetes
(Somnmeriella) robustus Archbold, Echinalosia
prideri (Coleman), Aulosteges lyndonensis Cole-
man, Costatumulus sp.. Pseudosyrinx? sinuosa
Thomas and Neospirifer (Quadrospira) plicatus
Archbold & Thomas.

The Wyndhamia colemani Zone from the
upper part of the Madeline Formation includes;
Streptorhynchus sp., Wyndhamia colemani Arch-
bold, Etherilosia sp., Aulosteges ingens Hosking,
Costatumnulus sp., Crassispirifer rostalinus (Hosk-
ing), Fusispirifer byroensis (Glauert), Tomiopsis
pauciplicatus Archbold & Thomas, Spiriferella sp.,
Spirelytha sp., Cleiothyridina sp. and Hoskingia
trigonopsis (Hosking).

The Fusispirifer byroensis Zone overlaps with
the Wyndhamia colemani Zone of the upper
Madeline Formation and extends into younger
strata (Mallens and Bogadi Sandstones). The fauna
is restricted and includes Awlostcges ingens
(Hosking),  Fusispirifer  byroensis  (Glauert),
Crassispirifer rostalinus (Hosking), Imperiospira
sp. and Hoskingia trigonopsis (Hosking).
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The restricted fauna of the Tornquistia magna
Zone from the Bulgadoo Shale appears to represent
a fauna adapted to an anoxic muddy sca-floor and
includes the limited assemblagc of Tornquistia
magna Archbold, Neochonetes (Sommeriella) sp.,
Fredericksia? sp. nov. and Hoskingia kennediensis
Campbell.

The moderately diverse Fusispirifer cundlego-
ensis Zone is well represented in the Cundlego
Formation and includes: Permorthotetes sp.,
Streptortiynchus hoskingae Thomas, Tornquista cf.
tropicalis  Gramt, Demonedys granti  Archbold,
Neochonetes (Somnmeriella) tenuicapillatus Arch-
bold, Quinquenella australis Archbold, Etherilosia
prendergastae  (Coleman), Wyndhamia  nudlti-
spinifera (Prendergast), Retimarginifera perforata
Waterhouse, Spirtferella cundlegoensis Archbold &
Thomas, lnperiospira sp., Fusispirifer cundlego-
ensis Archbold & Thomas, Hoskingia kennediensis
Campbell and Gilledia cf. homevalensis Campbell.
It is also represented by the somewhat restricted
fauna of the Quinnanic Shale which has yielded
Semilingula occidentaustralis (Archbold), Strepto-
rhynchus  hoskingae  Thomas,  Neochonetes
(Somnmeriella) tenuicapillatus Archbold, Fusispirifer
quinnaniensis Archbold & Thomas, Spiriferella
cundlegoensis Archbold & Thomas and Spirelytha
kashirtsevi Archbold.

The diverse Fusispirifer wandageensis Zonc,
known from the Wandagee Formation, includes
the following specics: Streptorliynchus hoskingae
Thomas, Tornquistia gregoryi Archbold, Neo-
chonetes (Sommneriella) tenuicapillatus Archbold,
Etherilosia complectens (Etheridge), Wyndhamia
sp., Lialosia kiinberleyensis (Prendergast), Taenio-
thaerus coolkiliensis Coleman, Taeniothaerus mini-
liensis Coleman, Taeniothaerus teicherti Coleman,
Dyschrestia colemani Archbold, Retimarginifera
perforata Waterhouse, Coolkilella bella (Etheridge),
Neospirifer amplus  Archbold &  Thomas,
Imperiospira franzjosefi Archbold & Thomas,
Fusispirifer wandageensis Archbold & Thomas,
Cartorhium imperfectun Archbold, Crassispirifer
pinguis Archbold & Thomas, Trigonotreta dickinsi
Archbold & Thomas, Spiriferella australasica
(Etheridge), Spirelytha miloradovichi Archbold &
Thomas, Tomiopsis teicherti Archbold & Thomas,
Hustedia basedowi (Etheridge), Cleiotliyridina mac-
leayana (Etheridge), Yochelsonia thomasi Stehli,
Hoskingia wandageensis Campbell and  Gilledia
cf. homevalensis Campbell.

The Neochonetes (Sommeriella) nalbiaensis
Zone, documented from the Nalbia Sandstone
has yiclded the more limited assemnblage of
Neochonetes (Sommeriella} nalbiaensis Archbold,
Svalbardia narelliensis Archbold, Wyndhamia sp.,

Lialosia  kimberleyensis  (Prendergast), Magni-
plicatina sp. nov., Imperiospira sp., Spirelytha
miloradovichi Archbold & Thomas, Fusispirifer sp.
and Hoskingia cf. wandageensis Campbell.

Dickins (1963) and Dickins et al. (1989) argued
that the single specimen of the ammonoid
Paragastrioceras wandageense Teichert (1942)
came from the Baker Formation (the lowest
part of the Coolkilya Formation as interprcted by
Teichert  1952) rather than from the Nalbia
Sandstone as proposed by other authors. The pre-
servation of the specimen, as a black ferruginous
internal mould, is typical of the style of preser-
vation of brachiopods from the Baker Formation.
P. wandageense is a significant species because of
its close similarity to P kungurense Mirskaya
(1948), also discussed by Bogoslovskaya (1976),
from the Late Kungurian Iren Horizon of Cisuralia.
P. wandageense appears to therefore indicate a firm
correlation for the Baker Formation with Irenian
Substage of the Kungurian. The history and
development of the type Kungurian scquences
has been reviewed by Chuvashov (1997) who has
cmphasised the difficulty of recognising the stage
outsidc the Cisuralian rcgion. He also viewed the
data indicating that the lower part of the Ufimian
type sections (i.e. the Solikamsk Horizon) should
be included within the Kungurian, Kungurian
ammonoids can bc recognised from thc Pechora
Basin (Chuvashov 1997) and Pai-Khoy and Vaigach
Islands (Bogoslovskaya 1997).

The Svalbardia thomasi Zone characterises
the fauna of Baker Formation which includes
the brachiopods Pernorthotetes teicherti Thomas,
Svalbardia thomasi Archbold, Lialosia kimberley-
ensis (Prendergast), Aulosteges sp., Inperiospira
campbelli Archbold & Thomas, Fusispirifer sp. and
Cleiothyridina cf. macleayana (Etheridge).

Russian authors (e.g. Popov 1963; Andrianov
1968, 1985S; Bogoslovskaya 1976, 1988) have long
insisted that the amnonoid Daubichites (which
is known from two horizons in the Coolkilya
Sandstone) is of Ufimian age. Recent work
indicates that the Boreal Daubichites assemblage
is of late Ufimian age (i.c. cquivalent to the
Sheshma Horizon of the Ufimian, which is
equivalent to the Roadian stage of North America)
as discusscd by Kotlyar (1997). The occurrence of
a specimen of Daubichites from an horizon usually
assumed to be the same as that of P wandageense
(i.c. in the Baker Fornation), as indicated by
Teichert (1942), was in fact discovered some
1.3 km from the specimen of P wandageense on
the opposite flank of a synclinal structure. Precise
bed by bed relationships arc not known for the
two localities and hence it is possible that the
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Daubichites specimen eame from a slightly higher
horizon than the Paragastrioceras speeimen which,
in turn, may indicate that the Kungurian-Ufimian
boundary may be within the Baker Formation. It
is difficult to conclude other than that the age
of this stratigraphically lowest specimen can be
anything other than early Ufimian (or latest
Kungurian) in age. This, in turn, indicates that the
ammonoid Daubichites may have appcared earlier
in Western Australia than in the Boreal Realm, a
feature also known for other bipolar faunal
clements. Marine faunas of the type lower Ufimian
(Solikamsk Horizon) are of Early Permian aspect
as are those of the Baker Formation and Coolkilya
Sandstone (Diekins et al. 1989). Nevertheless, the
brachiopod faunas of the Coolkilya Sandstone
demonstrate the appearance of many new speecies
distinetive from those of the underlying strati-
graphieal units. The oecurrence of Spiriferella
etheridgei Arehbold & Thomas in the Coolkilya
Sandstone is of significance beeause it is a large
species with a sharp dorsal fastigium, a feature
charaeteristic of several late Permian Arctic species,
Notwithstanding the diseussions in Dickins ct al.
(1989) or as shown in Arehbold & Dickins (1996)
the faunas of the Coolkilya Sandstone are now
interpreted by me as being Ufimian in age
(Archbold 1993a; Mory & Baekhouse 1997). At
present, no evidence is available to indicate that
any Permian fauna occurs in outerop in the
Carnarvon Basin that is younger than Ufimian in
age.

The Neochonetes (Sommeriella) afanasyevae
Zone whieh is found in throughout the Coolkilya
Sandstone (excluding the topmost beds), includes
the species Permorthotetes  teicherti Thomas,
Streptorhiynchus johnstonei Thomas, Derbyia sp.,
Neoclionetes (Sommeriella) afanasyevae Archbold,
Chonetinella sp., Aulosteges sp., Dyschrestia sp.,
Retimarginifera waterhousei Archbold, Coolkilella
coolkilyaensis (Archbold), Imperiospira campbelli
Archbold & ‘Thomas, Fusispirifer kennediensis
Arehbold & Thomas, Spiriferella etheridgei Areli-
bold & Thomas, Spirelytha stepanoviana Arch-
bold & Thomas, Cleiothyridina sp. and Yochelsonia
thomasi Stehli.

The topmost beds of the Coolkilya Sandstone
have yielded a limited brachiopod fauna referred
to the Fusispirifer coolkilyaensis Zone with the
speeies Taeniothaerus sp. and Fusispirifer cool-
kilyaensis Archbold.

CANNING BASIN

The onshore Canning Basin marine Permian is

noteworthy for the oecurrence of late Permiap
(Djhulfian) marine faunas and a rather incomplete
succession of Sakmarian to Ufimian brachiopog
zones when compared with the succession of zoneg
in the Carnarvon Basin, A few ammonoids confiry,
brachiopod correlations with the Carnarvon Basiy
suecessions and aid as international reference
points. Sparse conodont data is of considerable
interest but is not matehed against brachiopod zongg
and hence provides data points not related to exisq.
ing brachiopod biostratigraphieal schemes. Rigoroug
matching of marine faunas against palynologiea)
zonations arc also lacking. Considerable work ig
required to produce an integrated biostratigraphy
for the Canning Basin and to determine the
nature and duration of breaks in the sedimentary
suecessions.

Sakmarian brachiopod faunas have been des.
eribed by Archbold (1990 1995a) and their ages
summarised (Archbold 1993a). The Late Artinskian
Echinalosia prideri Zone may be present in the
Noonkanbah Formation (Arehbold 1993a) but j
is by no means confirmed. The faunas of the
Noonkanbah Formation are known from incomplete
sections and spot localities and, as a result, the
nature of the Noonkanbah Formation in terms of
the completeness of the sequenee is still in doubt,
The record of Mesogondolella idahoensis (Young.
quist, Hawley & Miller) from the Noonkanbah
Formation is of considerable interest (Nicoll &
Metcalfe 1997). Although not matched with any
brachiopod zone, no reeorded zone from the
Noonkanbah Formation appears to be of latest
Kungurian age as would normally be indicated by
the species reeord (Jin et al. 1997) if taken ou
of context of the Western Australian sueeession,
Faunas from the elassic Mount Marmion arca are
a firm mateh with those of the Wandagee Formation
of the Carnarvon Basin. A number of localities
high in the Noonkanbah Formation with Svalbardia
narelliensis indieate the presence of the Neo-
chonetes (Sommericella) nalbiaensis Zone. The
Lightjack Formation is echaracterised by the
Neochonetes (Somuneriella) afanasyevae Zone and
the ammonoid Daubichites indicating, as interpreted
herein, an Ufimian age.

The youngest marine Permian faunas of onshore
Australia are known from the Hardinan Formation
and are of Djhulfian age. Two zones are known
with many shared species (Archbold 1988a) and
equivalent marine faunas are known from the
Bonaparte Basin.

In aseending order the following brachiopod
zones are known from the onshore Canning Basin
as documented by the deseribed braehiopod species
listed below.
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The Early Sakmarian (Tastubian) Trigonotreta
occidentalis Zone is known from the Wye Worry
Mcmber, Carolyn Formation of the Grant Group
(species present: Neochonetes (Sommeriella) obrieni
Archbold, Etherilosia carolynae Arehbold, Costa-
tumulus sp. and Trigonotreta sp.) and the Calytrix
Formation of the Grant Group (species present:
Streptorhynclius spp., Arctitreta sp., Neoclionetes
(Sommeriella) obrieni Archbold, Etherilosia caly-
trivi Arehbold, Costatuwnulus  capillatus  (Water-
house), ?Cyrtella sp.. Trigonotreta sp., ?Martinia
sp. and Spiriferellina sp.).

The Late Sakmarian (Sterlitamakian) Strophalosia
irwinensis Zonc (with advanccd Metalegoceras and
Propopanoceras ammonoid specics from thc Nura
Nura Member) is known from the Cunecudgeric
Sandstone (speeics present: Permortltotetes lindneri
Thomas, Tornquistia subquadratus Arehbold, Stro-
phalosia irwinensis Coleman, Aulosteges ef. bara-
coodensis Etheridge, Taeniothaerus cf. irwinensis
Colcman, Costatumulus  irwinensis  (Arehbold),
Cyrtella koopi Archbold, Myodeliliyrium dickinsi
(Thomas), Trigonotreta neoaustralis Archbold &
Thomas and Spirelytha ef. fredericksi Archbold &
Thomas) and thc Nura Nura Member of the Poole
Sandstonc (speeics present:  Streptorliynchus  sp.,
Permorthotetes  lindneri  Thomas, Neoclionetes
(Sommeriella) pratii (Davidson), Neospirifer foordi
Arehbold & Thomas, Cratispirifer nuraensis Arch-
bold & Thomas, Myodelthyrium dickinsi (Thomas),
Tomiopsis woodwardi Archbold & Thomas and
Fletcherithyris ef. hardmani Campbell).

A few localities low in thc Noonkanbah For-
mation may indicate the presence of the Artinskian
Echinalosia prideri Zone represented by the species
Kiangsiella ef. condoni Thomas and Costiferina
wadei (Prendcrgast).

Localities high in the Noonkanbah Formation
(e.g. Mount Marmion) have yielded many repre-
sentatives of the Fusispirifer wandageensis Zonc
of prcsumed carly Kungurian age (species present:
Neochonetes (Sonumeriella) tenuicapillatus  Arch-
bold, Permorthotetes guppyi Thomas, Permor-
thotetes ef. camerata Thomas, Kiangsiella sp.,
Streptorhynchus costatus Thomas, Streptorliynchus
varniabilis Thomas, Arctitreta crassimurus (Thomas),
Etherilosia complectens (Etheridge), Wyndhiamia
multispinifera  (Prendergast), Lialosia kimberley-
ensis  (Prendergast), Taeniothaerus  miniliensis
Coleman, Retimarginifera perforata Waterhouse,
Coolkilella bella (Etheridge), Stenoscisma  sp.,
Neospirifer amplus Archbold & Thomas, Neo-
spirifer (Quadrospira) postplicatus  Archbold &
Thomas, [Imperiospira frangjosefi Archbold &
Thomas, Crassispirifer pinguis  Archbold &
Thomas, Trigonotreta dickinsi Archbold & Thomas,

Fusispirifer wandageensis Archbold & Thomas,
Spiriferella  australasica  (Etheridge), Spirelytha
miloradovichi Archbold & Thomas, Tomiopsis
teicherti Archbold & Thomas, Hustedia basedowi
(Etheridge), Cleiothyridina macleayana (Etheridge),
Fletclierithiyris cf. hardmani Campbell, Yochelsonia
thomasi Stchli, Hoskingia cf. grandis Campbell,
Hoskingia cf. wandageensis Campbell, Gilledia cf.
homevalensis Campbell and ?Hemiptychina sp.).

From top beds of the Noonkanbah Formation
the spceics Svalbardia narelliensis Archbold has
been deseribed indicating thc presencc of the
Neochonetes (Sonuneriella) nalbiaensis Zone.

The Lightjack Formation, with thc ammonoid
Daubichites, includes the following rcpresentatives
of the Neochonetes (Sommeriella) afanasyevae
Zone: Permorthiotetes  guppyi  Thomas, Strepto-
rhynclus perfidiabadensis (Etheridge), Neochionetes
(Sommeriella) afanasyevae Arehbold, Etherilosia
sp., Costatumdus? sp., Costatispirifer gracilis
Arehbold & Thomas, Tomiopsis globosus Archbold
& Thomas, Tomiopsis balgoensis Archbold &
Thomas and Yochelsonia stelilii Campbell.

The Kirkby Range Member of thc Hardman
Formation is characterised by the Midian-Djhulfian
Liveringia magnifica Zone with: Streptorliynchus
luluigui Hosking, Waagenites stani  Arehbold,
Notolosia millyiti Archbold, Liveringia magnifica
Archbold, Neospirifer grandis Arehbold & Thomas,
Tomiopsis hardmani Archbold & Thomas and
Cleiothyridina sp.

The youngest zonc in the Canning Basin from
the Cherrabun Member of the Hardman Formation
is the Djhulfian Waagenoconcha (Winanoconcha)
imperfecta Zone with the ammonoid Cyclolobus.
Brachiopod species inelude: Streptorhynchus ef.
pelargonatus ~ (Schlotheim), Derbyia  hardmani
Thomas, Neochonetes (Sommeriella) lardmani
Archbold, Neochonetes (Sommeriella) sp., Notolosia
dickinsi Archbold, Aulosteges reclinis Coleman,
Taeniothaerus  fletcheri  Coleman, Megasteges
fairbridgei (Coleman), Megasteges septentrionalis
(Ethcridge), Waagenoconclha (Wimanoconcha) im-
perfecta Prendergast, Latispirifer amplissmus Arch-
bold & Thomas, Neospirifer grandis Archbold
& Thomas, Tomiopsis hardmani Archbold &

Thomas, [Hustedia sp., Cleiothyridina penta
Prendergast, Cleiothyridina spp.. Fletcheritlyris
hardmani Campbcll  and  Hoskingia  grandis
Campbcll.

BONAPARTE BASIN

Marinc Permian faunas from the onshore Bonaparte
Basin havc been known for over 100 years and
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have recently been reviewed by Archbold et al.
(1996). Four brachiopod zones are recognised
onshore and equivalent faunas of the youngest
Waagenoconcha (Wimanoconcha) imperfecta Zonc
arc recognised offshorc from the Sahul Platform
(Archbold 1988b).

The Wyndhamia colemani Zone, the oldest zone
yet recognised onshore is known from one outerop
locality in the Port Keats District, of the Northern
Territory. Species identified and described are
Neochonetes (Sommeriella) robustus Archbold,
Wyndhamia cf. colemani Archbold and Neospirifer
(Quadrospira) cf. plicatus Archbold & Thomas,
providing a firm correlation with the zone in the
Carnarvon Basin.

The Neoclonetes  (Sommeriella)  afanasyevae
Zonc is known from outcrops at Fossil Head,
Port Keats District, where it is characterised by
the specics Neochonetes (Sonuneriella) afanasyevae
Archbold, Streptorliynchus perfidiabadensis (Ethe-
ridge) and Jmperiospira campbelli Archbold &
Thomas. Firm corrclation with the Coolkilya
Sandstonc of the Carnarvon Basin is indicated.

Outcrops of beds in the Port Kecats Area,
originally described as the Upper Marine Beds of
the Port Keats Group, have yielded representatives
of the two youngest brachiopod zones of the
Canning Basin. The Liveringia magnifica Zonc is
represented by Streptorhynchus luluigui (Hosking),
Aulosteges reclinis Coleman, Neospirifer grandis
Archbold & Thomas and Tomiopsis hardmani
Archbold & Thomas.

The Waagenoconcha (Wimanoconcha) imperfecta
Zone is represented by the species: Derbyia
hardmani ‘Thomas, Waagenites sp., Aulosteges
reclinis  Coleman, Megasteges  septentrionalis
(Etheridge), Waagenoconcha (Wimanoconcha) im-
perfecta Prendergast, Costiferina thomasi Archbold,
Leptodus  nobilis Waagen, Neospirifer grandis
Archbold & Thomas, Latispirifer amplissimus
Archbold & Thomas, Tomiopsis hardmani Archbold
& Thomas, Cleiothyridina sp., Hustedia sp. and
Stenoscisma sp.

WESTERN AUSTRALIA AND PANGAEA

Many elements of the Western Australian marine
brachiopod faunas are closcly related to those of
the peri-Gondwanan or Cimmerian regions that
now make up much of the Asian rcgion. Links
between the Western Australian faunas and these
regions serve to supplement and test the models
for the breakup of Gondwana during the Permian
and later times. Mectealfe (1996) has provided a
comprehensive account of the breakup of the

Tethyan-Gondwanan margin and Archbold & Shi
(1996) have provided a summary of the regional
provincialism shown by Tethyan-Gondwanan mar-
gin faunas and thosc of Western Australia. It is
not proposed to review here the extensive literature
on the breakup models and faunal provincialism
(the above two references provide large reference
lists on the subjects). Recent reviews of global
Permian biogeography include those of Jin & Shang
(1997) and Grunt & Shi (1997) and thesc place
the Western Australian and southeast Asian faunas
in a global setting. Once marine faunas are bio-
stratigraphically well known, as is now the case
for Western Australian faunas, migration patterns
in and out of marine provinces such as the
Westralian Province can be used to construet
tcmperature  curves and regional surface occan
circulation models (Archbold & Shi 1995, 1996).
Previous workers who developed schematic maps
showing surface ocean currents include Frakes &
Crowell (1971), Ziegler ct al. (1981) and Ross &
Ross (1985). Bardossy (1994) utilised the patterns
of currents proposed by Ziegler et al. (1981).
Kutzbach ¢t al. (1990) modelled the occan cir-
culation pattern of an idealised Panthalassic Occan
with a simplified Tethyan Gape. Archbold & Shi
(1996) provided sketch maps of finer time slices
showing hypothetical surface currents associated
with a Tethys embayment with scattecred micro-
continents. Surface currents were restricted to those
defined as cold and warm whereas with improved
knowledge of cold, temperate and tropical faunas
it is now possible to suggests three temperature
categorics {cold, temperate and tropical) of surface
currents and show how these have changed during
the gencral global warming and with the northward
movement of Pangea during the Permian. These
new maps arc provided in Figs 4-8. It should be
noted that the presumed equatorial counter-current
is not shown on thc maps.

Onc of the most intriguing aspeets of the
biogcography of Permian marine faunas is the
bipolarity of genera of different groups (c.g. small
foraminiferans, Bryozoa, Ammonoidea, Bivalvia,
ctc.). This phenomenon is also well known for
brachiopods since the work of Fredericks (1931).
The present author has progressively documented
over nearly 20 years that many Western Australian
genera of brachiopods also oecur in Boreal faunas.
These include Semilingula, Neochonetes (Som-
meriella), Svalbardia, Tornquistia, Demonedys,
Quinquenella, Arctitreta, Streptorliynchus, Stropha-
losia, Wyndhamia, Echinalosia, Costatumulus,
Waagenoconcha, Spirelytha, Torniopsis, Neospirifer,
Spiriferella, Crassispirifer, Fusispirifer, Rhyncho-
pora and others that requirc documentation. Often



Fig. 4. Surface global ocean circulation pattern for the Asselian—Tastubi

an time slice (298-289 Ma). Solid line arrows, tropical water; dashed line arrows, cold

water; dot-dash line arrows, temperate water. Global reconstructions for this figure and Figs 5-9 are based on those provided by Ziegler & Gibbs (1996).
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Fig. 5. Surface global

ocean circulation pattern for the Sterlitamakian-Aktastinian time slice (289~279 Ma). Symbols as for Fig. 4.
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Fig. 6. Surface

global ocean circulation pattern

for the Baigendzhinian-Solikamsk time slice (279-268 Ma). Symbols as for Fig. 4.
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Fig. 7. Surface global ocean circulation pattern

for the Sheshminsk~Kazanian time slice (268-260 Ma). Symbols as for Fig. 4.
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circulation pattern for the Tatarian time slice (260-251 Ma). Symbols as for Fig. 4.
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Fig. 9. Schematic deeper water global ocean circulation pattern for the Kungurian-Ufimian time slice (275-265 Ma). Panthalassic Ocean depths 2000 m+,
Tethyan depths 200-500 m presumed depths. Solid line arrows, cold water; dashed line arrows, cool water.
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the closest relationships are with the Verkhoyansk—
Kolyma-Omolon regions of northeastern Siberia.
Easten Australian and New Zealand brachiopod
gcnera, not found in western Australian faunas,
such as Terrakea, Anidanthus and Megousia also
demonstrate a bipolar distribution.

While a full review of brachiopod genera that
¢xhibit bipolar distributions and the precise timing
of their cquatorial cross-ovcrs is required, the closc
felationship of bipolar faunas can scarccly be
altributed to parallcl or convergent evolution. As
for bivalve faunas (Astaf'yeva & Astaf’yeva-
Urbaytis 1992) it is inferred that periodic migrations
that crossed the palacoequatorial region of Tethys
Occurred. Evidence suggests that during Kungurian
times and again in the mid-Ufimian, trans-equatorial
Migrations took place, as for bivalves, but not by
ncans of surface currents.

It is well known that modemn decper water
OCeanic currents can cross the Equator (Ingmanson
gﬁ Wallace 1989). The deep watcr currents modelled

Y Kutzbach et al. (1990) run counter to the
fjlrcction of thc inferred surface currents also as
N the modemn Pacific. The schematic map in
Fig. 9 shows an idealised deep water pattern for
the Panthalassic Ocean and an intcrmediate depth
Pattern (200-500 m) for the Tethyan region (the
alter currcnts presumed to be cooler than the
Surface waters). Such intermediate (in terms of
d?Pth .and tcmperature) currents may have provided
ticf opportunities for larval stages of non-tropical
t3;‘3‘nera to cross the Tethys, particularly during
lnef cooler episodcs of climate change during
¢ Permian. The time slicc is for the Kungurian—
’ﬁmlan and currents are shown crossing the
Crouator from south to north. Directions of the

Ss-over eurrents are hypothetical and can
Ecossslbly be tested by precisc knowledge of the
in Pﬁcllvc timing of the first appearanccs of genera
( thc Boreal and Austral (Notal) realms. Little
angible data exists for the existcnce of cooler,
CCeper ~water brachiopod faunas in the palaco-
Cg“;ilonal regions of Tethys but eclements of a
froo Cr,'('ieeper water fauna have been recorded
assm ‘Slcﬂy (?atalanq et al. 19?1) a region usually
nOtoclated with tropical brachiopod faunas. It is
COCWorlhy that the genera Linoproductus and
lratSI(z]ztwnulus (recordcd as Cancrinella) were illus-
fec:] ]‘by these authors, the latter genus particularly

ing tempcrate Boreal and Austral assemblages.
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